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Earthquakes

ot shore lines, when the displacement is par- '
tially vertical; the rupture and offset of pipes,
fences, roads, etc. The secondary phenomena
include all effects due to the vibrations. In
many cases the fracture does not extend to
the surface and the primary phenomena are
absent or indistinguishable, as happened in
the Charleston earthquake of 1886. The solid
rock in that region is covered by a thick man-
tle of clays and sands, which suffered much
disturbance, but the fault was not visible at
the surface. Secondary phenomena are due to
the vibrations. According to the violence of
the earthquake, theie may be merely a slight
shaking, or objects may be thrown from
shelves, furniture may be moved, chimneys
broken or thrown down, cracks developed in
walls, or houses completely demolished. The
overthrow of lamps and stoves often starts
a conflagration which cannot be controlled,
especially if the water pipes are broken and
the water supply cut off, as in San Francisco
in 1906 and in Tokyo and Yokohama in 1923.

Surface waves resembling water waves have
been seen at the time of nearly all great
shocks. They occur on alluvial soil and only
when the earthquake is very violent. They
have been called 'gravity waves/ The range
of the vibrations of a moderate earthquake
is a fraction of an inch; near the origin of
severe earthquakes it may rise to 6 inches or
so, but dies out rapidly with increasing dis-
tance from the point of origin. In the mega-
seismic area the vibrations have many peri-
ods, from a small fraction of a second up to
several seconds, If they are sufficiently rapid,
they give rise to low-pitched sounds, which
appear to come from all sides. At the distance
where the earthquake is only slightly felt,
the rapid vibrations have been damped out
and only the slow ones persist, frequently
causing a feeling of nausea.

Experience and the characteristic move-
ments due to an earthquake indicate the pre-
cautions necessary for protection. A house
should not be built close to an active fault,
which can generally be recognized by geolo-
gists. Experience, experiment, and theory all
show that the vibrations are stronger on allu-
vium than on rock; hence, when possible a
foundation, on rock should be chosen. When
it is not practicable to follow these rules, the
house should be built so that it yields to the
movements without collapsing, or should be
so strong that its walls will not be broken.
Wooden houses, well braced and with the
parts well tied together, resist damage well,
as do also buildings of reinforced concrete. It

sometimes happens that seismographs record
for hours and even for days small vibrations
of the ground with peiiods from five to nine
seconds and amplitudes of a few thous-
andths mm. These microcosms have been
ascribed to the waves of the sea beating on
the shore, to the wind, to the baiometrlc
gradient, etc., but their true cause has not
yet been ascertained.
Many earthquakes have their origin under
the sea. There is no reason to believe that
these differ from earthquakes on land except
in their secondary phenomena. When the vi-
brations pass from the underlying bed rock
to the water they give rise to compressional
waves similar to sound waves. These are
propagated with great velocity, nearly a mile
a second, and ships struck by them shudder
as though they had struck bottom. The most
disastrous effects of submarine earthquakes,
however, are the great sea waves that fre-
quently follow them. When these waves reach
the coast they may be 20 or 30 ft. high, or
even higher. Except very near the point of
origin these waves are not noticed at sea. An
earthquake off the coast of Japan in 1896
produced enormous waves which ravaged the
coast over a length of 700 m., and drowned
30,000 people; but fishermen in their boats
knew nothing of it until they returned home
to find the land devastated.
The amount of energy radiating from a
strong earthquake is enormous. The energy
liberated by the California earthquake has
been estimated at 130,000 trillion foot-pounds.
The desire to learn more accurately the nature
of earthquake movements than could be de-
termined by the senses, led to the invention
of instruments called seismographs. A seis-
mograph consists of a heavy mass mounted
so that, if disturbed, it will swing slowly
about a position of equilibrium. There are
several forms. The simplest is an ordinary
pendulum, much used in Italy, but this
swings too rapidly unless inordinately long*
A second form is the inverted pendulum, a
heavy mass balanced on a point and kept
vertical by springs; it has given very good
records. The form in most general use is the
so-called horizontal pendulum.
When a train of earthwaves arrives at a
station, the pendulum is set in vibration with
the same period as the waves. The instru-
ments above record the horizontal component
of the motion only. Another form has been
devised to record the vertical component. It
consists of a horizontal bar with a weight at
one end and pivoted at the other, so that it